short description of a system which allows to implement this concept. Obviously many more examples of geophysical applications could be given, but had to be omitted here because of limitations of space. However, from the examples given the reader will easily find other applications, useful in his own field of research.
[9] M. E. Bauer, "Technological basis and applications of remote sen- sing of the earth's resources," IEEE Trans. Geoscience Electron.,
vol. GE-14, pp. [3] [4] [5] [6] [7] [8] [9] 1976 .
Separability of Agricultural Cover Types in Spectral
Channels and Wavelength Regions RAVINDRA KUMAR Abstract-This study was a continuation of a more complete evaluation of the spectral channels as well as wavelength regions-visible, near infrared, middle infrared, and thermal infrared-with respect to their estimated probability of correct classification P. in discriminating agricultural cover types reported previously by Kumar and Silva [1] . Mul- tispectral scanner data in twelve spectral channels in the wavelength range of 0.4-11.7 jim acquired in the middle of July for three flightlines were analyzed by applying automatic pattern recognition techniques. The M, and T denote the visible, near infrared, middle infrared and thermal infrared wavelength regions, respectively): V, VM, VNM, VNMT, VVNMT, VVNMMT, respectively, were found to be the best choices for getting good overall statistical separability of the agricultural cover types for the data acquired on July 16 as well as August 12. An effort was made to explain these results on the basis of spectral properties of agricultural cover types. The overall statistical separability of the agricultural cover types was found to be greater for the data of August 12 than the data of July 16. The author felt a definite need for a further and more complete analysis of similar nature to explicitly evaluate each spectral channel, each wavelength region and all possible combinations of wavelength regions, for statistical separability and the corresponding estimated probability of current classification. In particular, the objectives of the study were the following. 1) Study the effect of deletion of each of the twelve spectral channels as well as each of the wavelength regions (visible, near infrared, middle infrared, and thermal infrared), on the statistical separability and corresponding estimated probability of correct classification of the agricultural cover types.
2) Develop a criterion for a combination of wavelength regions, based on the estimation of its probability of correct classification of agricultural cover types. To fulfill one of the main objectives of the study-evaluation of all possible combinations of wavelength regions in the subsets of one to twelve spectral channels-the following criterion is proposed.
Each of 12 available channels of the multispectral scanner can be placed in one of the four wavelength regions: visible, near infrared, middle infrared, and thermal infrared, as shown in Table I . Thus, any combination of spectral channels can be called as the corresponding combination of the wavelength regions. For example, channel combination 1, 8, 10, and 12 is called "combination of visible, near infrared, middle infrared, and thermal infrared wavelength regions," and is denoted by VNMT. For a given combination of wavelength regions, for example VNMT, DTAVG and the corresponding values of PC, using the curve of Swain et al. [5 ] , were calculated for all possible combinations of four spectral channels out of twelve available ones that constitute the combination VNMT. The mean of these values of PC was calculated for all possible combinations of wavelength regions in the subsets of one to twelve spectral channels, and is shown in Table II for the data of middle of July as well as middle of August. D T MAX was calculated for all possible combinations of spectral channels constituting this combination of wavelength regions. From the mean of these values, the probability of correct classification (Pc) was estimated using the curve of Swain and King [6] . V, N, M, and T denote visible, near infrared, middle infrared, and thermal infrared wavelength regions, respectively. 5 V-VvVVV, 4 V =-VVVV, etc.
IV. RESULTS AND DISCUSSION
enoids of the plant leaf absorb in the -0.40-0.50-,m region while chlorophyll [6] [7] . The standard deviation of agricultural cover types in channel 7 was relatively low compared to other channels and hence, their higher statistical separability in this channel. (1));Swain and King [5] . A0, A 1, A2, A 3, and A4 denote the values of PC when using all available channels; deleting spectral channels in the visible, near infrared, middle infrared and thermal infrared wavelength regions, respectively, for the data acquired in the middle of July. Bo, B1, B2, B3, and B4 denote corresponding quantities as AO, A1, A2, A3, and A4, respectively, for the data acquired in the middle of August.
causes no reduction, or less reduction in the values of Pc, as compared to channel 7. Thus, deletion of any one of the twelve channels does not cause any substantial decrease in values ofPC in the subsets of one to eleven channels. Table III shows that deletion of each of the wavelength regions causes the following maximum reductions in PC for the data acquired in the middle of July: visible (3.32, subset of four channels), near infrared (0.38, subset of ten channels), middle infrared (1 .10, subset of two channels), and thermal infrared (1.02, subset of four channels). The corresponding values of reductions in PC for the data acquired in the middle of August are: visible (2.07, subset of one channel), near infrared (0.41, subset of ten channels), middle infrared (1 .16, subset of two channels), thermal infrared (0.39, subset of eight channels). Thus, it appears that deletion of the visible wavelength region causes more reduction in P1, as compared to any of the other wavelength regions. The deletion of near infrared wavelength region apparently causes relatively small changes in the values of P, Table II shows that in the subsets of one to six spectral channels, the combination of wavelength regions V, VM, VMT, VNMT, VVNMT, VVNMMT are found to be the best choices for the data of middle of July. Similarly, for the data acquired in the middle of August, T,NT, VNT or VMT, VNMT, VVNMT or VNMMT, and VVNMMT are found to be the best choices. These results are similar to the results obtained by Kumar and Silva [I] , although a different criterion of evaluation of combinations of wavelength regions was used by them. Table II also shows that in the subset of one spectral channel, the agricultural cover types were least separable in the near infrared wavelength region. This seems to be because there were relatively small differences in the percentage ground covers of the agricultural cover types and substantial differences bet'.veen the agricultural covers and soils occur in the near-infrared wavelength region. For the same reason, in the subset of two spectral channels, the combination of wavelength regions "NN" had the lowest separability. Obviously, all the seven channels in the visible wavelength region in this multispectral scanner (MSS) are not necessary for getting good separability of the agricultural cover types.
It was found that, in a subset of six or more spectral channels, the thermal channel was always one of the best channels for getting good separability. This follows from the fact that significant differences are found in the radiant, temperatures of agricultural cover types in the wavelength region 9.3-11.7 ,um and the thermal channel is the only one that contains this information. In other words, the thermal channel contains some independent information not contained in others. That is why, in the subset of six spectral channels, irrespective of which of the other five channels were used, adding a thermal channel usually increased the overall separability.
The work reported here has many applications in the selection of wavelength bands for the multispectral scanners of future satellites. In addition, these results can be applied to the selection of the best subset of m spectral channels out of N available channels. For example, if one wants to select the best four out of twelve available channels, one can evaluate only those subsets which comprise the combination of wavelength regions VNMT, instead of trying to find the best subset by exhaustive search. INTRODUCTION PREDICTIVE deconvolution has been applied extensively in the past for processing reflection seismograms [1] . This method, although of proven value for stationary data, has several drawbacks. For example, three stages of computation are involved, viz., computation of the autocorrelation estimates from the data, solution of a set of simultaneous equations and finally application of the resulting operator to the data to obtain the deconvolved trace. Another limitation of the method lies in its stationarity assumption, which is clearly invalid for seismic data for marine, shallow, hard water-bottom environments.
The method of "adaptive-filtering" for processing such time varying data has recently found great favor in various signal processing applications, e.g., in speech parameters extraction, adaptive arrays, etc. [2] - [5] . The besides being well suited for time-varying data when the time constant of adaptation is appropriately selected.
In this paper, we report the results of application of three alternative methods to the "adaptive deconvolution" of seismic data, viz., the adaptive tapped delay line filter, the adaptive lattice filter, and the adaptive Kalman-filter identifier. All three methods have been shown to be superior to the "fixedstructure" predictor. A comparison of the three methods has been also made in which it has been found that the adaptive lattice structure has faster convergence than the adaptive tapped delay-line structure, besides having some additional interesting properties. The adaptive Kalman-filter identifier is found to be better than both the others, although it is computationally more complex. The results are based both on theoretical studies as well as on experiments with real seismic data.
A fixed-displacement descent type of algorithm has been used for the implementation of the adaptive tapped delay-line and adaptive lattice filter structures. The lattice structure which was initially introduced by Itakura [6] for linear prediction of speech signals, has all the advantages of the tapped delay-line structure. In addition, it is less sensitive to fixed word length computations, and the stability of the "structure" in the adaptive mode is easily ensured by incorporating a simple "bounding" constraint on the absolute value of each coefficient. Finally, the nonadaptive lattice structure has the property that its various stages can be optimized independently. An implication of this property in the adaptive mode is that the time constants of adaptation for each stage can be chosen independently so as to increase the overall convergence rate of the adaptive filter.
The adaptive Kalman filter identifier is used here to estimate the parameters of the tapped delay-line structure dynamically, 01 96-2892/80/0700-0267$00.75 © 1980 IEEE
